Abstract Schooling generally is positively associated with better health-related outcomes-for example, less hospitalization and later mortality-but these associations do not measure whether schooling causes better health-related outcomes. Schooling may in part be a proxy for unobserved endowments-including family background and genetics-that both are correlated with schooling and have direct causal effects on these outcomes. This study addresses the schooling-health-gradient issue with twins methodology, using rich data from the Danish Twin Registry linked to population-based registries to minimize random and systematic measurement error biases. We find strong, significantly negative associations between schooling and hospitalization and mortality, but generally no causal effects of schooling.
and better health/mortality outcomes. Those with more schooling tend to have better physical and mental health and to have longer lives, and these results are often interpreted to mean that increasing schooling improves health and that there is an important schooling-health gradient that disadvantages those with less schooling. 1 However, these associations do not measure by how much schooling causes better health-related behaviors and better health/mortality outcomes. Schooling may in part be a proxy for unobserved endowments-including family background and genetics-that have direct causal effects, additional to any effects through schooling, on health behaviors and health/mortality outcomes. This study's principal goals are to describe the associations between schooling and (a) hospitalization in 1980-2002 and (b) mortality by 2003 for the birth cohorts in Denmark, and to investigate for the same cohorts the causal impact of schooling on health and mortality, net of endowments, using rich data on twins from the Danish Twin Registry that are linked to Danish population-level registries. We explore four central questions:
1. What are the cross-sectional associations between schooling attainment and hospitalization and mortality for Danish adults? 2. What are the estimated causal impacts of schooling on hospitalization and mortality for these individuals when the monozygotic (MZ) or identical twin design is used to control for unobserved family endowments? 3. To what extent do these within-MZ twins estimated impacts differ from what cross-sectional associations suggest? 4. To what extent do within-MZ and within-DZ (dyzygotic, or fraternal) twin estimates differ, as they will if individual-specific endowments (as contrasted with common family endowments) are important?
The reduced-form relations that we investigate in this study may change with market conditions, public policies, aggregate economic conditions, other secular trends, and life-cycle stage. Because of this, for all these questions, we consider the 1921-1935 and 1936-1950 birth cohorts separately and test whether they can be combined in the same estimates for the 1921-1950 birth cohorts. Because there may be gender differences in such relations, we also estimate the relations for females and males separately and test whether they can be combined. The linked twins data, conditional on the assumptions necessary for the within-twins estimates to be consistent, permit us to answer these questions; the data thereby significantly increase our understanding of causal effects of schooling on health-related behaviors and mortality outcomes, net of endowments, and therefore on what underlies the schooling-health gradient.
The contribution of this article rests on using within-twins estimators with unusually rich data. We therefore first describe the methodology, previous related studies, and the data; and then we turn to the estimates. The estimates question, in brief summary, the standard inference that the strong negative association between schooling and outcomes such as hospitalization and mortality reflects important direct causal effects of schooling. Instead, schooling seems primarily to serve as a marker for parental family and individual-specific endowments that are uncontrolled in the usual estimates. This raises questions about the usual attribution to schooling of substantial positive effects on health-related behaviors and outcomes. In terms of causal effects, despite the strong associations with schooling, the real stratification appears to be with regard to parental family and individual-specific background endowments.
Methodology
We are interested in simple reduced-form relations between schooling and health-related behaviors and outcomes because we are interested in schooling's total or gross associations with, and effects on, health-related behaviors and outcomes. This approach does not permit us to identify the underlying structural channels through which schooling may be operating, and indeed, our data do not permit the identification of those channels. Still, understanding better the gross associations with and effects of schooling on these outcomes is valuable in itself, as noted in the introduction.
We do not have very strong prior assumptions about even the sign of the schooling effects in these reduced forms, particularly for hospitalization. More schooling, for example, may have countervailing effects on hospitalization if it reduces the probability of negative health conditions that might lead to hospitalization yet increases the probability of hospitalization (e.g., through greater income, more knowledge, or better connections) for given health conditions. Likewise, more schooling may have countervailing effects on mortality if it increases income and access to health-system care but also increases higher-risk behaviors and selection into more stressful occupations. Of course, which opposing effect dominates depends on preferences, resources, technologies, markets, and policies that prevail in the context being studied. Schooling effects through increasing access to health services through higher income, for example, a priori would seem to be less important in the context of the Danish health care system, with its broad coverage and access, than in a health-care system such as that in the United States, in which many individuals are not covered, particularly prior to the recent reforms, by health insurance.
Consider the following linear representation of a reduced-form equation relating adult health-related behaviors or health/mortality outcomes H ij for the ith member of paternal family j to his or her schooling S ij and to three sets of unobserved variables representing (1) endowments h j that are common among all children of the paternal family j (e.g., exogenous features of the paternal family environment in childhood, including prices, family income, parents' human capital characteristics, average genetic endowments among siblings, local schooling, and health-related options); (2) the component of endowments or "innate health" specific to child i in j, represented by a ij (e.g., individual-specific deviations from average family genetic endowments); and (3) a random health shock specific to i in j, inclusive of measurement errors in health, represented by v ij
where " S is the effect of schooling. S ij is itself a function of (usually largely unobserved) variables that pertain to the paternal family and to the individual children in the paternal family 3 :
ð2Þ where ! h is the effect of the family-specific endowment h j on child schooling investment, ! a is the effect of the individual-specific endowment a ij of child i on schooling investment in that child, ! s is the effect of the individual-specific endowment a kj of sib k (which is a vector if there are multiple siblings) on schooling investment in child i, 4 and u ij is a disturbance that affects S ij but not H ij except indirectly through S ij (a critical assumption for the within-MZ estimators below to yield consistent estimates, as we discuss further below with reference to the Bound and Solon (1999) critique of twins studies. The stochastic term, for example, might reflect the chance event of whether one twin was assigned a more inspiring teacher than the other or happened to encounter more inspiring role models than the other. As is well known, the parameter " S is not identified in Eqs. 1 and 2 if ! a or ! h is not zero. " S is estimated with bias if Eq. 1 is estimated across individuals with different values of h j and a ij . The regression coefficient for an ordinary least squares (OLS) estimate of relation (1) is , which is a biased estimate of " S unless covðS ij ; h j Þ þ covðSij; a ij Þ ¼ 0. Thus, the cross-sectional estimate of the association between schooling and health is generally a biased estimate 2 Many studies have documented the association of genetic endowments with physical and mental health (e.g., Amouyel et al. 1996; Bartres-Faz et al. 2000; Chen et al. 2001; Christensen et al. 1995 Christensen et al. , 1998 Christensen et al. , 2000a Clee et al. 2001; Eicher et al. 2002; Forsberg et al. 2002; Frosst et al. 1995; Humbert et al. 1993; Jenny et al. 2002; Jiang et al. 2001; Kelly et al. 2002; Kluijtmans et al. 1996; Morita et al. 1997; Myllykangas et al. 2001; Pericak-Vance and Haines 1995; Roses 1998; Sawano et al. 2001; Voetsch et al. 2002) . For simplicity, we represent the endowments here as if they were scalars. However, they may be vectors with different components, for example, that differentially affect schooling versus health and that are not perfectly correlated and, indeed, not necessarily positively correlated. In fact, some recent studies have suggested that innate education and health components of endowments may be negatively correlated Behrman and Rosenzweig 2004) . 3 This formulation is consistent with standard models of intrahousehold allocation of investments in children (e.g., Becker 1991; Becker and Tomes 1976; Behrman et al. 1982 Behrman et al. , 1995 . Behrman et al. (1994) used a similar formulation with MZ and DZ twins to estimate whether such intrahousehold allocations reinforce or compensate for individual-specific endowment differences among siblings (and found reinforcement). 4 In general, endowments of all members of a sibship affect the investments in any member of the sibship, but the effects of all siblings other than the other twin drop out in the within-twin estimators because the characteristics of other siblings are the same for the two members of a twinship. We expect the direct effect to be greater than the cross effect (! a > ! s ). If the coefficient of the cross effect is positive, there is compensating behavior in that parents invest more in sibling j if sibling k is better endowed. If the coefficient of the cross effect is negative, there is reinforcing behavior (i.e., reinforcing endowment differences) in that parents invest less in sibling j if sibling k is better endowed. In the within-MZ estimator, the two twins have identical individual-specific endowments, so a ij and a kj cancel out. The only estimates of which we are aware that are consistent with this framework and that estimate the cross-twin effect using a combination of MZ and DZ twins indicated reinforcing behavior (Behrman et al. 1994). of the causal impact of schooling on health because schooling is partially a proxy for genetic, family background, and other endowments in such estimates.
Within-MZ Twins Estimators
With no further assumptions, it is clear that " S (the health impact of schooling) is not identified even if sibling-pair data are used to control in the estimation of " S for the covariant common components of the endowment and environment h j and s j . This is because of the existence of the specific component of the endowments a ij . As long as families or individuals respond to individual-specific differences in endowments, and such differences are important, then sibling estimators may not be very useful. 5 In recognition of this problem, researchers (e.g., Ashenfelter and Krueger 1994; Ashenfelter and Rouse 1998; Behrman et al. 1980 Behrman et al. , 1994 Behrman et al. , 1996 Behrman and Rosenzweig 1999; Behrman and Taubman 1976; Bonjour et al. 2003; Miller et al. 1995 Miller et al. , 1997 have employed samples of pairs of MZ twins, between whom endowment differences at conception are as minimal as possible, 6 to identify " S in estimates of models parallel to Eqs. 1 and 2 with ln(earnings) as the dependent variable of interest (and in Rosenzweig (2002, 2005) , with child schooling as the dependent variable). To our knowledge, only one published study used this approach to explore the relation between schooling and health (Fujiwara and Kawachi 2009 These within-MZ estimators can be used to identify the true reduced-form impact of schooling on health-related behaviors and health/mortality outcomes under the assumptions of this section for the own-health behavioral and outcome variables in the data that are introduced in the Data section. As noted, comparisons between the 5 Behrman et al. (1994 Behrman et al. ( , 1996 reported evidence that the individual-specific endowments are significant and important in schooling-earning models estimated for the United States. 6 Differences in birth weights between MZ twins have been used to estimate the impact of in utero nutrition on subsequent life cycle outcomes, but such differences could be due to factors such as differential placement in the womb relative to the placenta even if the two members of a twinship were identical at conception (e.g., Behrman and Rosenzweig 2004; Conley et al. 2006) . However, for some observable outcomes for which MZ twins are discordant in a few percent of births, such as congenital malformations, some studies suggested that the differences originate at least in part in differences in genes, perhaps related to the process of twinning (e.g., Hall 2003; Kondo et al. 2002; Lubinsky and Hall 1991) , and not just in the environment in the womb. For such reasons, within-MZ twins estimates may not control perfectly for endowments at conception (as we assume herein), but they nevertheless control better than other options for such endowments.
within-MZ estimates and OLS estimates of relation (1) may be made for the same health-related behaviors and outcomes to learn the extent to which the estimates of the impact of schooling on health " S are biased in standardly used cross-sectional estimates because of the failure to control for unobserved endowments h j and a ij , which affect health and which are correlated with S because they partly determine schooling in relation (2). Comparisons also can be made of the within-MZ estimates for females versus males and across birth cohorts to check for significant gender or cohort effects in the reduced-form impact of schooling on health-related behaviors and health/mortality outcomes. Further, comparisons can be made between within-MZ and within-DZ twins to assess whether the unobserved individual-specific endowments a ij are important; if so, then within-sibling estimates that control only for common family endowments h j are misleading because they still include a ij -a ik , which is correlated with S ij -S ik , in the disturbance term.
We now consider the key assumption, which has been questioned by Bound and Solon (1999) and others, that is necessary for the twins estimates to produce unbiased estimates: the disturbance terms in the health and schooling relations are uncorrelated (cov(u ij , v ij ) = 0).
7 Suppose that this assumption does not hold because there is some unobserved individual twin-specific factor (persistent shock) c ij that directly affects both the schooling and the health of twin i and that differs from any individual twin-specific factor (persistent shock) c kj that affects both the schooling and the health of twin k in the same family j, so that Eqs. 1 and 2 are replaced by Eqs. 1B and 2B:
ð1BÞ ð2BÞ
If + c is positive, then the impact of the persistent shock on schooling is in the same direction as the impact on health (and vice versa if + c is negative). As noted earlier with regard to the endowment effects, the own effects are plausibly greater than the cross effects, so ! a > a kj and |+ c | > |+ k |. Equations 1B and 2B can be rewritten for MZ twins to incorporate these persistent shocks:
ð1CÞ ð2CÞ
Again, relations parallel to Eqs. 1C and 2C can be written for the kth MZ twin in the jth family. Within-MZ twin estimators are obtained by subtracting such relations from Eqs. 1C and 2C. With a within-MZ twin estimator, the unobserved endowment components h j M in Eqs. 1B and 2B again are eliminated. In this case, though, the difference in the unobserved twin-specific persistent shocks remains: ð1DÞ ð2DÞ where Δ is the difference between the kth and ith MZ twin in the jth family. Estimating Eq. 1D, therefore, does not give an unbiased estimate of " S because ΔS ij M and Δc ij M are correlated (see Eq. 2D); and Δc ij M is, by assumption, unobserved. The sign of this bias is determined by the sign of the correlation, which is the sign of (+ c -+ k ). This sign is positive (negative) if the impact of the shock on schooling is in the same (opposite) direction as the impact of the shock on health; the estimate of " S from Eq. 1D, then, is an overestimate (underestimate) of the true value of " S . For example, if more favorable in utero environments owing to proximity to the placenta increase both schooling and health beyond any effect through schooling, as suggested by the results in Behrman and Rosenzweig (2004) , the estimate of " S from Eq. 1D is an overestimate of the true value of " S 8 : likewise, if an accident or illness limits schooling and has persistent negative effects on later health. Also note that if " S truly is positive, but the estimate of " S from Eq. 1D is not significant as we find (see Estimates section), and this is because of the failure to control for Δc ij M in the estimates, that means that + c must be negative so that the unobserved factor c ij , which positively affects long-run health, has negative effects on schooling (or vice versa).
Previous Related Studies
Most of the previous literature has estimated relations, such as in Eq. 1 with OLS (or logit or probit), but as noted earlier, " S (the health impact of schooling) is not identified in such estimates. However, a relatively small number of studies have used alternative estimators to try to identify the causal impact of schooling on health (for reviews of these studies, see Cutler et al. 2006; Cutler and LlerasMuney 2008; and Grossman 2006) .
Almost all these studies have used instrumental variable (IV) estimators. Selected examples are summarized here.
9 In a relatively early study, Berger and Leigh (1989) used per capita income and per capita expenditures on education in the state of birth as instruments for schooling in their study of schooling effects on health in the United States. They found that with the IV estimates, schooling effects were slightly reduced but remained significant. Their instruments, however, may have been related to expenditures on health, which, if health expenditures affect health, raises questions about the validity of instruments. Most of the more recent studies used "natural experiments"-often school reforms, school age regulations, and labor market dimensions-as instruments for schooling. Lleras-Muney (2005) , for example, used changes in compulsory school attendance and child labor laws from 30 states in the United States from 1915 to 1939 to identify schooling effects on mortality. She used grouped census data as well as individual data from 1985. Her results from the grouped data suggested that one additional grade of schooling lowered the 10-year death rate by 3.6%, but her estimated schooling effects from individual data were not significant. Adams (2002) adapted the identification strategy suggested by Angrist and Krueger (1991) , using quarter of birth in a U.S. cross-section of individuals from 1992. Adams' dependent variables were self-reported health and a number of variables describing functional limitations as health measures. When IV estimation was used, schooling effects increased slightly but were insignificant. Furthermore, F values on the instruments were just slightly more than 1, indicating a problem of weak instruments. Arkes (2003) estimated schooling effects on work-limiting health problems, need for personal care, and mobility limitations, using a large U.S. sample of white males aged 47-56. Arkes used within-state differences in unemployment rates as instruments for schooling. He found that schooling effects increased somewhat, allowing for endogeneity, and were significant for two of the three health measures. Spasojevic (2003) used changes in compulsory schooling in Sweden in the 1950s as instruments to analyze schooling effects on an index of bad health and on body mass index (BMI) in a healthy range over the period 1981-1991. She found positive significant effects (although only when using one-tailed tests) from completed years of schooling on both health indicators. Arendt (2005) used schooling reforms in Denmark in 1958 and 1975 as instruments but did not find any significant effects of instrumented schooling on health.
As indicated earlier, many of these IV studies seem to have suffered from problems of having weak instruments. Also, these IV estimates tended to be LATE (local average treatment effects) estimates (see Angrist et al. 1996; and Lundborg 2008) , and the estimated schooling effects are therefore relevant for individuals who are at the margin of being affected by the instruments used (e.g., at the margin of unemployment or compulsory schooling levels). In heterogeneous populations, these LATE estimators can differ substantially from the more generally relevant ATE (average treatment effects) estimators that measure the average causal effect of schooling on health outcomes. Behrman and Wolfe (1989) used adult sisters (sibling) estimators with Nicaraguan data and found that significant inverse associations of their schooling with three of four disease categories for adult women in the level estimates became much less precisely estimated and no longer significant at the standard .05 level with within-sibling estimates. As noted earlier, within-sibling estimates can identify " S under the assumption that cov(u, v) equals zero and that the covariance between the individual-specific component of endowments and schooling is zero. The latter seems a strong assumption, and was not supported by the Behrman et al. (1994) finding of significant impacts of individual-specific endowments on schooling and earnings using MZ and DZ twins (the former to estimate unbiased coefficients and the latter, conditional on those coefficients, to investigate individual-specific endowment effects). Similarly, Fletcher and Lehrer (2009) , using a subset of the AddHealth data for which DNA markers are available, documented that academic achievement among DZ twins was partially related to unobserved genetic differences among DZ twins, thus further questioning the suitability of sibling estimators to obtain causal effects of schooling on health outcomes later in life.
To our knowledge, the only published study that applied within-MZ twins estimators to this problem is that by Fujiwara and Kawachi (2009) . They used 702 MZ twins from the 1995 Midlife in the United States (MIDUS) survey with a continuous measure of schooling attainment. They reported generally no significant causal effects of schooling on seven health outcomes and 10 health behaviors in within-MZ estimates when males and females were combined. (An exception was for perceived global health if male and female samples were combined, but not in separate estimates for females and males.) 10 Their coefficient estimates did not change substantially between the two sets of estimates, but their significance did. In an as-yet unpublished study, Lundborg (2008) used a sample of 694 MZ twins from the same MIDUS survey with a nonlinear representation of schooling by including dichotomous variables for high school, some college, and college degrees.
11 His within-MZ results suggested a causal impact of self-reported schooling levels on health, with a significant positive impact on self-reported health and negative impacts on the number of chronic conditions.
12 He found no evidence of bias owing to the unobserved endowments that twins share in common; in fact, his within-MZ twins estimates of schooling impacts were larger for self-reported health than were his OLS estimates even though he was not able to control for measurement error in self-reports of schooling, which in itself was likely to bias his coefficient estimates toward zero (see the end of the Data section). He noted that within-MZ twins estimates are likely to be closer to ATE than are IV estimates identified by factors like school reforms, such as those discussed earlier, that are likely to be LATE estimators. The Fujiwara and Kawachi (2009) and Lundborg (2008) studies appear to differ importantly only in their representation of schooling as a continuous variable in the former case and a nonlinear variable in the latter case. We therefore explore both options in the Estimates section.
Data
Our analyses of schooling differences and health-related behaviors and outcomes use a rich new longitudinal data set obtained through a link between the Danish Twin 10 In their discussion, they state: "In summary, the current study showed possible causal effects of education on perceived global health and on smoking habits among males, but did not suggest direct associations between schooling and the other health outcomes studied." (Fujiwara and Kawachi 2009:1320) . The significant outcomes for males to which they refer, however, did not occur in within-MZ estimates, but only in within-MZ and -DZ combined estimates. 11 Two other unpublished studies that present within-MZ twin estimates of the impact of schooling on health outcomes and health-related behaviors are Amin et al. (2010) , with estimates for the United Kingdom, Australia, and the United States; and Behrman et al. (2006) , with estimates for China. 12 Lundborg (2008) also explored the impacts of schooling on health-related behaviors and reported little evidence of significant impacts.
Registry
13 with various population-based registers at Statistics Denmark. This link provides rich longitudinal information for schooling and health-related behaviors and outcomes for all Danish twins born between 1921 and 1950 14 that have been identified in the Danish Twin Registry. Of particular relevance for this study is the link to the Danish National Hospital Register compiled by the National Board of Health from information provided by local health authorities for all discharges from somatic hospital overnight stays. The Danish National Hospital Registry, established in 1977, includes information on about 99.4% of all discharges from nonpsychiatric hospitals in Denmark. Recorded information includes the Civil Personal Registration number (CPR) and the dates of admission and discharge . In addition to the twins, the data set that we use includes a 5% same-age random sample of the Danish population. In order to assure confidentiality, access to these data is limited to a dedicated computer at the Danish Twin Registry at the University of Southern Denmark that is linked to limited-access computers at Statistics Denmark.
The data set used for our analysis encompasses 87,773 singletons in the 5% sample, 5,294 MZ twins in complete pairs, and 11,234 DZ twins in complete pairs (Tables 1 and 2 ). For the 5% sample, the 1936-1950 birth cohort includes about onequarter more individuals than the 1921-1950 cohort; this reflects overall population growth between these two cohorts. For the MZ and DZ complete-pair twins samples, the 1936-1950 birth cohort includes about one-half more individuals than the 1921-1950 cohort, probably reflecting that a twin pair is eliminated if one or both twins migrated before 2003 or died before 1980-and the older birth cohort had more exposure to both migration and mortality (at older ages for mortality)-in addition to the overall population growth between these two cohorts. 15 The male/female ratio is close to 1 for both cohorts (0.99, 1.02), but is a fair amount higher for both MZ and DZ twins for the 1936-1950 cohort than for the 1921-1935 cohort, with a surprisingly high value for the younger cohort for DZ twins (1.24). This apparently reflects that the recruitment of twins in 1943-1968 was partly conducted using conscription boards that focused more on men (see Kyvik et al. 1996) .
In this article, we consider three health-related outcomes. First, we measure the number of days hospitalized per year of exposure (with exposure terminated by mortality) during 1980-2002. Although previous studies have used such measures for much shorter periods of time or based on respondent recall, we are unaware of previous studies that have been able to use such registry-based data for more than two decades. The days hospitalized per year of exposure during these 23 years vary substantially across individuals within gender-cohort groups (Table 1) . The means are about three times as high for the 1921-1935 birth cohort as for the 1936-1950 birth cohort (a little more for males, a little less for females) for the 5% sample and both twins samples, reflecting the increased hospitalization rates with age. In 1980, the members of the older cohort were 45-59 years old, and those of the younger cohort were 30-44 years old; in 2002, the members of the older cohort were 67-81 years old, and those of the younger cohort were 52-66 years old. For the older cohort, the mean days hospitalized for females is slightly smaller for all three samples than for males, but there are almost no differences for the younger cohort.
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For the older cohort, this pattern may reflect that females have higher life expectancies than males, but it contrasts with some studies that suggest that females nevertheless use health services more than males. Our second health-related outcome is the number of days hospitalized per year of exposure during 1980-2000 up to two years before mortality or before the end of the sample in 2002. 17 This measure is closely related to the previous one, but attempts to abstract from hospitalization related to imminent mortality by not including the last two years of life in order to obtain a measure of the extent of hospitalization prior to the onset of terminal conditions. Because substantial hospitalization is not uncommon in the two years prior to death, the means for this measure are only about three-fifths as large as those for the first measure above for the 1921-1935 birth cohort group; the difference is not quite as large for the 1936-1950 birth cohort group because of the lower prevalence of mortality before 2003. For both cohorts, the standard deviations for this variable are considerably smaller than for the previous one, implying that a substantial portion of the variance in the hospitalization per year over the life cycle is due to large variation in the two years before death.
Third, we measure whether an individual died prior to 2003. Again, our mortality data are based on registry data, not on recall data of relatives or others (which probably is important particularly for reducing measurement error in calculating the relevant exposure periods for the health-related outcome variables described earlier). For the older, 1921-1935 birth cohort (who were 67-81 years old by 2002), about 40% of the males and 30% of the females died prior to 2003, with somewhat higher mortality rates for the 5% sample than for the twins samples, perhaps reflecting the selectivity with regard to survival of both twins to 1980, as noted earlier. For the younger, 1936-1950 birth cohort (who were 52-66 years 16 The hypothesis of equal means for men and women is rejected at with a p value of .016 for the cohort 1921-1935, but the means for men and women are not statistically different for the 1936-1950 cohort. 17 The Ns are slightly smaller for this variable than for the other two because of some mortality in 1980-1982 (see Table 1 ). old by 2002), about 11% of the males and 8% of the females died prior to 2003, with somewhat higher mortality rates again for the 5% sample than for the twins samples, except for male DZ twins pairs. Our key explanatory variable is years of schooling attainment, 18 as calculated from the highest vocational and academic training and the months/years of schooling associated with the highest attained degree. This information comes from administrative registers based on individual self-reports from the 1970 population census that were updated with educational institution reports following the 1973 establishment of the integrated student register, which covers about one-half of our sample (e.g., 48% of the MZ twins).
19 That means that measurement error related to recall errors, which has played a major role in the twins (and siblings more generally) literature because of the exacerbation of the noise-to-signal ratio in within-twins (siblings) estimates (e.g., Ashenfelter and Krueger 1994; Behrman et al. 1994; Bishop 1976; Griliches 1979) , is not likely to be as serious a problem for this study as for those studies with only recall data for their samples; we consider measurement error further later in this section. Years of schooling attainment in the 5% sample averaged 10.4 for males and 9.2 for females in the 1921-1935 cohort, and 11.7 for males and 10.9 for females in the 1936-1950 cohort. Thus, both cohorts had high levels of schooling, on average, in comparison with most countries (see UNESCO 2011) with some increase between the two periods (12% for males, 18% for females) and a reduction of the gender gap favoring males. The mean schooling grade attainment for MZ twins is about the same as for the 5% sample for each gender-birth cohort group, and that for DZ twins is a little lower. This may reflect a tendency, for these birth cohorts, for DZ twinning to be more common among lowerincome families with more children.
As noted in the section Previous Related Studies, the question arises whether differences exist in schooling between twins over substantial ranges in the distribution of schooling so that ATE estimates over this range rather than LATE estimates over a much narrower range can be obtained. A detailed analysis of these schooling differences within MZ twin pairs is provided in Table 3 . For the combined male and female MZ sample that is used for most of our analyses, the mean difference in years of schooling within twin pairs is 1.6, with a standard deviation (SD) of 2.5. The difference in the years of schooling is zero for about one-half of the twin pairs, but considerable variation exists in the other half. This variation in years of schooling occurs across the complete range of schooling attainment by the twins. To illustrate this pattern of schooling differences, Table 3 tabulates and summarizes Notes: Education categories are 1 = Compulsory schooling/Basic schooling; 2 = Upper secondary schooling/High school diploma; 3 = (3-4 years of) vocational training; 4 = Short-cycle higher education; 5 = Medium-cycle higher education; 6 = Master's and PhD degrees; and 7 = Unknown (which, for the calculations in this table was replaced with the minimum required years of schooling, 7 years for these cohorts).
the difference in years of schooling separately for all twin pairs in which at least one member attained one of the following broad educational categories 20 : (1) compulsory schooling/basic schooling; (2) upper secondary schooling/high school diploma; (3) (3-4 years of) vocational training; (4) short-cycle higher education; (5) medium-cycle higher education; (6) master's and Ph.D. degrees; (7) unknown educational levels were replaced with the minimum required years of schooling (= 7 years for these cohorts). The fraction of twin pairs for which the within-twin pair difference in years of schooling equals zero is highest in the lowest educational category (category 1 in Table 3 ) at about 56%, and it is considerably below 50% in the remaining educational groups. This high fraction of twin pairs with zero schooling difference in the first category is due to the fact that in these cohorts, a relatively large number of twins completed the legal minimum of seven years of schooling (compulsory schooling only), resulting in a years-of-schooling difference of zero for about 56% of all twin pairs in which at least one twin has only compulsory/basic schooling. Nevertheless, in the remaining 44% of these pairs, the schooling difference is sizable, and the mean difference in the years of schooling in these pairs is 2.2 (SD = 2.9). The difference in the years of schooling within twin pairs continues to average between about 1.9-2.5 (with SDs ranging from 1.9 to 2.8) for twin pairs in which at least one twin has attained educational categories 2 through 6, and the mean and standard deviation are slightly higher among the small number of twin pairs in which at least one twin has unknown education.
The clustering of small differences in schooling among twin pairs in which at least one twin has only compulsory education, and the fairly sizable within-twin pair variation for twin pairs in which at least one twin attained more than compulsory education, imply that our estimates are ATE for about the 70% of the sample with more than seven years of schooling; this contrasts with LATE estimates for schooling close to compulsory levels that would be obtained with IV estimates using as instruments increases in compulsory schooling levels.
A related issue in assessing the properties of within-MZ twin pair estimators pertains to measurement error in schooling because there may not be much information in the within-MZ schooling differences if measurement error is large. As is well-known, the bias toward zero owing to random measurement error generally is exacerbated in fixed-effects estimates, of which within-MZ estimates are one example. Assume that measured schooling (S ij ′) is linearly related to true schooling (S ij ) but is measured with random measurement error w ij : S ij ′ = S ij + w ij . Bishop (1976) and Griliches (1979) showed that if measurement error is not correlated across siblings, 21 the bias toward zero in b S w , the estimated within coefficient " S , is plim , where ρ S is the correlation in schooling 21 If the correlation in measurement error between siblings (ρ w ) is nonzero, plim , where . Note that the measurement error bias in the within-sibling estimate is decreasing in ρ w and is less in the within-sibling estimate than in the standard estimate if ρ w > ρ S . We are not aware of any estimates of ρ w . What appears to be random noise in cross-sectional data may have a family component if the measurement error is due to such unobserved factors as exaggeration or modesty or to failure to control for school quality, all of which may be shared by siblings.
between siblings (which is zero in standard individual estimates). This bias toward zero owing to measurement error is likely to be greater for within-DZ estimates than for individual estimates and for within-MZ estimates than for within-DZ estimates because ρ S is likely to be positive and greater for MZ than for DZ twins. Table 4 gives some illustrations, with each row representing a different noise-tosignal ratio (σ 2 (w ij )/σ 2 (S ij )) as given in column 1; the percentage biases in individual, within-DZ, and within-MZ estimates owing to measurement error are in columns 2-4, and the ratios of the coefficients from DZ estimates and MZ estimates to individual estimates owing to measurement error are in columns 5 and 6. Other twins studies that have reports from other respondents (i.e., the other member of a twin pair, the twins' adult children) so that they can estimate measurement error models found estimated noise-to-signal ratios of 0.06-0.12 (Ashenfelter and Krueger 1994; Ashenfelter and Rouse 1998; Behrman et al. 1994) . Therefore, the row with a noise-to-signal ratio of about 0.10 in Table 4 is suggestive of the extent of biases from measurement error alone in these studies and of how they differ across the three types of estimates: 10% for individual estimates, 19% for within-DZ estimates, and 27% for within-MZ estimates. Thus, fairly substantial drops in the coefficient estimates for the within-DZ and within-MZ estimates occur because of measurement errors of this magnitude even if there are no biases from unobserved endowments. These measurement error biases would result in the coefficient estimates for the within-DZ and within-MZ estimates being, respectively, 9% and 19% smaller in absolute magnitude than those for the individual estimates (columns 5 and 6).
We infer, however, that measurement error is likely to be lower for our study than for the studies mentioned in the previous paragraph for three reasons. First, the selfreported schooling data are from the 1970 census, when the respondents were of ages at which their recall probably was more accurate than if they had been asked to recall their schooling more than 30 years later in 2002 at the end of the period for our health data, as in data sets that start with older individuals. Second, for 48% of the MZ twins in the sample, the administrative data on schooling that we use presumably are measured with very low error. Third, for this same subsample, we also have self-reported data, so we can estimate the measurement error relation for this subsample: the estimated noise-to-signal ratio is 0.04. If we are conservative and assume that this noise-to-signal ratio applies to the whole sample (even though we have administrative data for almost one-half of the sample), then measurement error biases would result in the coefficient estimates for the within-DZ estimates being 4% and those for the within-MZ estimates being 7% smaller in absolute magnitude than those for the individual estimates (columns 5 and 6).
Estimates
To answer the questions posed in the introduction, we apply the methodology outlined earlier to the special data described in the Data section. Thereby, we attain alternative estimates of the gross reduced-form relations between years of schooling attainment that are ATE estimators for the approximately 70% of the sample with more than seven years of schooling and (1) As noted in the introduction, we initially estimated our analyses separately for men and women in each of two cohorts (1921) (1922) (1923) (1924) (1925) (1926) (1927) (1928) (1929) (1930) (1931) (1932) (1933) (1934) (1935) (1936) (1937) (1938) (1939) (1940) (1941) (1942) (1943) (1944) (1945) (1946) (1947) (1948) (1949) (1950) . We then tested whether the analyses can be pooled across cohorts and gender. Except for the mortality outcomes, the statistical tests suggest that the analyses can be pooled across both gender and cohorts. For hospital days, we therefore present estimates for the combined sample for men and women born in 1921-1950; and for mortality, we present gender-specific estimates for each of the two cohorts. Tables 5 and 6 give our estimated schooling coefficients for days hospitalized per year of exposure during (Table 5, (Table 5 , bottom panel); and for the probability of mortality prior to 2003 (Table 6) for the 5% random sample of singletons, MZ twins, and DZ twins. All the estimates control for birth-year fixed effects and additive gender differences. The twins sample standard estimates control for within-twin pair clustering. Robust standard errors are reported for all analyses. 22 The estimates in these tables permit us to address the questions posed in the introduction:
1. What are the cross-sectional associations between schooling attainment and hospitalization and mortality for Danish adults in the 1921-1950 birth cohort?
These associations are given in the first column of Tables 5 and 6 for the 5% sample. They are significantly negative, consistent with the dominant finding in the literature, and fairly substantial for all three outcomes. The 5% sample estimates indicate that a one SD increase in schooling attainment is associated with declines of 9.8% of the mean days hospitalized per year prior to 2003, or death if that occurs earlier; of 7.4% of the mean days hospitalized per year prior to two years prior to death; and of 6.8%-20.7% in the mean probability of mortality by 2003 (Table 7 , column 1). The associations are similar (and apparently not statistically different from those for the 5% sample) for the MZ and DZ samples, although less precisely estimated (but still significantly nonzero at the .05 level in 10 of the 12 cases and at the .10 level in 11 of the 12 cases). 2. What are the estimated causal impacts of schooling on hospitalization and mortality for these individuals when the MZ-twin design is used to control for unobserved family endowments? The within-MZ estimates (Tables 5 and 6 , column 4) are insignificant at the .10 level for both measures of hospitalization per year in the pooled analyses, and in all four gender/cohort analyses for mortality by 2003. These estimates might be consistent with a true positive effect of schooling on health, but this seems unlikely. In particular, one possibility consistent with a true positive effect of schooling on health is that a systematic persistent factor affects schooling and health in opposite directions, as discussed at the end of the Methodology section. Although it is conceivable that unobserved persistent shocks affect health and schooling in the opposite direction, what generally are considered to be more plausible shocks are likely to affect health and schooling in the same direction (e.g., in utero environments or later illnesses or accidents that reduce both schooling and health)-and that would mean that the within-MZ estimate of the impact of schooling on health is upwardly biased. A second possibility is that measurement error bias toward zero, which is exacerbated by within-MZ estimates as is discussed at the end of the Data section, accounts for the differences. However, our conservative estimate of the extent of measurement error in our data presented at the end of the Data section would account for a drop of about 7% in the estimated coefficient between the individual and within-MZ estimates in contrast with the much larger drops that we obtain: 93% to 99% for days hospitalized, and 53% to 79% for the two estimates for mortality that do not change sign. A third possibility emerges in light of the Lundborg (2008) results of significant nonlinear school effects for the United States in contrast with the Fujiwara and Kawachi (2009) results of generally no significant casual effects with a continuous schooling measure using the same data: there are significant , 1936 -1950 −20.7 −4.5 −10.1 Females, 1921 -1935 −8.4 16.3 −0.6 Females, 1936 -1950 Note: Based on means and SDs from Table 1 and estimates from Tables 5 and 6. nonlinear effects for our Danish data that are obscured with our linear specification. If nonlinearities are introduced through dichotomous variables for completing different schooling levels, the standard cross-sectional estimates suggest some strong differences in outcomes across these educational categories. However, with the within-twin estimates, the null hypothesis of all schooling coefficients equaling zero (and therefore no differences across completed schooling categories) is not rejected ( Table 9 in the Appendix). Thus, our basic results do not seem to be an artifact of unobserved factors that affect schooling and health in the same direction, measurement errors of the magnitudes estimated in other studies, or nonlinearity in schooling effects of the sort that apparently underlie the differences for the United States between the significance of the within-MZ results in Lundborg (2008) and Fujiwara and Kawachi (2009) Tables 5 and 6 gives the ratio of the within-MZ point estimates to the MZ cross-sectional point estimates. A ratio of 1 indicates that the schooling coefficient estimate is not affected by using the within estimate rather than the standard estimate. A negative sign indicates that the estimate for the within-MZ case is opposite in sign from that for the MZ standard estimate. This comparison emphasizes that the implications of the within-MZ estimates in a number of cases are very different from those of the cross-sectional MZ associations. Three of the six ratios in Tables 5 and 6 are negative, and none of the ratios is between 0.5 and 1.5: that is, in none of the cases is the standard estimate within 50% of the within-twin estimate. Of course, a number of the underlying point estimates are estimated very imprecisely, so the differences between the two estimators are not always statistically significant. If one considers the MZ standard estimates in column 2 in Tables 5 and 6 in isolation, though, all the point estimates are negative, and all but one are so at the standard .05 significance level; this is similar to, although less precise than, the pattern in column 1 for the 5% sample estimates. These negative estimates in columns 1 and 2, if a causal interpretation is given, presumably lead to a conclusion that more schooling leads to less hospitalization and lower mortality by 2003. In contrast, if one considers the within-MZ estimates in column 4 in Tables 5 and 6 in isolation, none of the six estimated coefficients is significantly different from zero at the .10 level, and three of six have positive signs (for hospitalization per year up to two years before death, and for mortality prior to 2003 for both males and females in the 1921-1935 cohort). 23 The conclusion about the impact of schooling based on the within-MZ estimates is therefore much different than with the standard estimates (also see column 1 versus column 2 in Table 7) . 23 With the alternative specifications in the Appendix (Tables 8 and 9 ), the differences between the crosssectional estimates and the within-MZ estimates appear even stronger. For example, for the two measures of hospitalization per year both of the cross-sectional estimates are significantly negative at high levels, but in the within-MZ estimates, both of these are positive, although not significant at the .05 level.
4. To what extent do within-MZ and within-DZ twin estimates differ, as they will if individual-specific endowments (as contrasted with common family endowments) are important? Once again, a number of the estimates are imprecisely estimated, and the differences between the within-MZ and within-DZ twin estimates in Tables 5  and 6 are not statistically significant. However, there is a tendency-that holds in all but one of the six cases in Tables 5 and 6 -for the within-DZ twin estimates to fall between the standard cross-sectional estimates and the within-MZ estimates. Thus, the patterns in the estimates suggest that individual-specific endowments may be playing a role in the DZ-within estimates, particularly because the within-DZ estimates look more like the standard estimates than do the within-MZ estimates (i.e., with more negative coefficient estimates for the within-DZ estimates, including the two that are significant at the .10 level).
Conclusions
We contribute to the literature by obtaining-together with the recently published study by Fujiwara and Kawachi (2009) and unpublished studies by Amin et al. (2010) , Behrman et al. (2006) , and Lundborg (2008)-among the first estimates of the impact of schooling on health using the within-MZ twins methodology to control for unobserved endowments. We use objective health measures, over long time periods for hospitalization, from Danish administrative hospital discharge records and the Danish national mortality register. Our estimates arguably are closer to average treatment effect (ATE) estimates for most of the sample that have more than seven years of schooling than are most of the instrumental variable (IV) estimates that recently have been used to address this question and that tend to be local average treatment effects (LATE) estimates because they depend on instruments such as school reform that change compulsory schooling levels. Our results are very suggestive for the questions that are posed in the introduction. They imply, in summary, strong negative associations between schooling attainment and hospitalization per year during 1980-2002 and hospitalizations per year up to two years before death and mortality by 2003 for both males and females for both the 1921-1935 and 1936-1950 birth cohorts. However, our estimates also question the standard inference from other, similar estimates that these strong negative associations reflect important direct causal effects of schooling. Instead, schooling seems primarily to serve as a marker for parental family and individual-specific endowments that are uncontrolled in the usual estimates. This raises questions about the usual attribution to schooling of substantial positive effects on health-related behaviors and outcomes and about whether there is an important causal schooling-health gradient. In terms of causal effects, despite the strong associations with schooling, the real stratification appears to be with regard to parental family and individual-specific background endowments. Better endowments apparently tend to lead to more schooling, less hospitalization, and less mortality by 2003, but the resulting negative associations between schooling on one hand and hospitalization and mortality on the other do not appear to reflect significant causal effects of schooling in reducing hospitalization and mortality in the context studied. Our results are similar to estimates for a subset of the same sample that significant cross-sectional associations among individual adult social class, health, and mortality and education were not significant in within-twin estimates (Madsen et al. 2010; Osler et al. 2007) . Our results contrast with those presented in the recent study using a very similar methodology by Lundborg (2008) , who found that using the within-MZ twins approach did not suggest that schooling was largely a proxy for family background in the United States if schooling was allowed to have nonlinear effects. However, functional form apparently is important for the Lundborg results because Fujiwara and Kawachi (2009) did not find significant causal effects of schooling on health using the same data as Lundborg (2008) but with a continuous representation of schooling. In contrast, we find no significant effect of schooling on health whether we use a nonlinear representation of schooling (as did Lundborg) or a continuous measure (as did Fujiwara and Kawachi). 
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